We use U.S. patent records to examine the role of research personnel as a pathway for the diffusion of ideas from university to industry. Appearing on a patent assigned to a university is evidence that an inventor has been exposed to university research, either directly as a university researcher or through some form of collaboration with university researchers. Having an advanced degree is another indicator of an inventor's exposure to university research. We find a steady increase in industry's use of inventors with university research experience over the period 1985-97, economy wide and in the pharmaceutical and semiconductor industries in particular. We interpret this as evidence of growth in the influence of university research on industrial innovation. Moreover, during this period we find that firms with large research operations in both industries, and young and highly capitalized firms in the pharmaceutical industry, are disproportionately active in the diffusion of ideas from the university sector. Finally, we find that the patents of firms that employ inventors with university research experience are more likely to cite university patents as prior art, suggesting that this experience better enables firms to tap academic research.
I. Introduction
This paper examines the influence of university research on innovation in industry. The results of university research disseminate along a number of pathways: through scholarly publications and the material published in universities' patent applications, at conferences where scholarly work is presented and where industry and academic research personnel commingle, and via informal social networks. 1 But firms also learn about university research after employing or collaborating with researchers who work or have worked in university laboratories. In fact, social scientists who study innovation suspect that certain kinds of important knowledge become available to a firm only with sustained, close interaction with researchers who possess this knowledge as through an employment or collaborative research arrangement.
We use U.S. patent data to study the role of research personnel as a pathway for the diffusion of ideas from university to industry. The inventors behind the patented invention are listed on each patent, as are the firms, government organizations, and universities to which the patents are assigned. Using a procedure similar to one proposed by Trajtenberg (2004) , we match names on patents to construct a panel data set of inventors that contains the patents in each year of the inventors' careers. We are thus able to identify for each inventor when and how often he or she is innovating for university and industry assignees. For each patent assigned to industry we can tell whether its inventors had previously appeared as an inventor on a patent assigned to a university. Appearing on a patent assigned to a university is evidence that the inventor had exposure to university research, either directly as a university researcher or through some form of collaboration with university researchers. We also use data from the Dissertation Abstracts to establish whether the inventor has an advanced degree (doctorate or master's), another measure of exposure to university research. In this paper, we investigate how the influence of university research on industry innovation has evolved over the last two decades, through inventors' university inventing and research experience. In addition, we investigate how the trend of university influence can be attributed to various factors like the demand and the supply of university-affiliated scientists by decomposing the change in university influence into components representing various factors.
We also use patent citations to infer the extent of industry access to universityproduced knowledge and how that access has changed. Patent applicants are legally obligated to disclose any knowledge they have of previous relevant inventions. The patent examiner may add to the application relevant citations omitted by the applicant. Thus, through the patent citations each patent documents the "prior art" upon which the new innovation builds, and because we know each cited patent's assignee type, we know whether the prior art originated in university laboratories. 2 We also investigate if the presence of university-affiliated inventors instigates firms to cite university patents and access university research.
Another objective of our paper is to identify factors that influence an innovating firm's interaction with university R&D. A focus of this analysis is the pharmaceutical and semiconductor industries, two industries that are especially prolific generators of innovations and patents. After combining the inventor panel data with firm information in these industries, we relate various firm-level characteristics with our measures of exposure to university research to sort out the factors that influence an innovating firm's interaction with university research. We also repeat the analyses conducted on the comprehensive industry-wide data separately for the pharmaceutical and semiconductor industries to find how the influence of university research has evolved in these two industries.
Our main findings are the following. Over the period 1985-1997, we find industry increased its employment of inventors with experience on university research projects and with advanced university degrees. For the decade of the 1990s we also find (1) the pharmaceutical industry made greater use of inventors with university backgrounds than the semiconductor industry, (2) the percentage of patents assigned to firms that involved inventors with university backgrounds increased substantially in both industries, (3) that firms with large research enterprises in both industries and young and highly capitalized firms in the pharmaceutical industry were disproportionately active in the diffusion of ideas from the university sector, and (4) the patents of firms that employ inventors with university patenting experience are more likely to cite university patents as prior art.
The paper is organized as follows. The next section summarizes the literature on the various mechanisms for university technology transfer to industry, technology spillovers, scientist collaboration and mobility, and the use of patent citations to trace technological diffusion. Section III describes our data, focusing on the construction of the inventor panel. Section IV describes levels and trends in university involvement in all industries and by industry, and reports the decomposition results. This section also describes our empirical estimation of the determinants of firm use of universityexperienced inventors and inventors with advanced degrees, and of citations to university patents. Section V offers concluding remarks.
II. Literature Review
Two decades of empirical work suggests important and pervasive effects of university research on industry R&D and innovation (e.g., Jaffe, 1989; Adams, 1990; Mansfield, 1991 Mansfield, , 1998 Nelson and Rosenberg, 1993; Cohen, Nelson, and Walsh, 2002) . 3 Mansfield (1991) roughly estimates the annual social rate of return to university research over the years 1975 through 1978 to be 28 percent. While the diffusion of technology from the academic to the industrial sector is thought to be important, little is known about the transmittal mechanisms. Scholars writing in both the economics and sociology of innovation literatures argue that new technologies are frequently difficult to transmit to the uninitiated via spoken or written communication (see Polyani, 1958 , for an early discussion of the 'tacitness' of knowledge). Often the most efficient means of transmission across organizational boundaries for tacit knowledge is via person-to-person contact involving a transfer or exchange of personnel. Recent findings that technological diffusion appears to be geographically limited (e.g., Jaffe, 1989; Jaffe, Trajtenberg, and Henderson, 1993; Zucker, Darby, and Brewer, 1998; and Mowery and Ziedonis, 2001 ) is often interpreted as evidence of the tacitness of knowledge.
More direct evidence exists that person-to-person interaction is important for the diffusion of technology. Cohen, Nelson, and Walsh (2002) surveyed R&D managers on the means by which they gather and assimilate new technologies. They find that firms access externally-located technology partly through the hiring of and collaboration with researchers from the outside. Moreover, they find that hiring/collaboration with outside scientists is complementary to other means of accessing externally produced knowledge, such as through informal communications with outsiders and more formal (such as consulting) relationships with outsiders. Almeida and Kogut (1999) find that scientific references that firms cite in their patent applications reflect the employment histories of their inventors, suggesting that ideas in the semiconductor industry are spread by the movement of key engineers among firms, especially within a geographical area. 4 Zucker, Darby, and Armstrong (2001) find evidence of a pay-off to firms that seek interactions with outside researchers. They find a positive impact on patent productivity for biotech firms that collaborate with university researchers on research and scholarly publications.
We therefore anticipate that the evidence, while presently incomplete, will eventually show that the migration of university-experienced scientific personnel to industry is an important means of technology transfer and that it complements other mechanisms. Assuming this to be the case, we use measures of the industrial employment of university-experienced researchers to track the extent to which industry is accessing university technologies.
We also use patent citations to track the diffusion of university innovations.
Some scholars have used citations to university and industrial patents to compare the relative importance of innovations arising from these sectors and to examine how changes in patent law have influenced the importance of university patents (Henderson, Jaffe, and Trajtenberg, 1998; Sampat, Mowery, and Ziedonis, 2003) . Others have looked at the determinants of a university patent's likelihood of being cited (Jaffe and Trajtenberg, 2002) and the trend in citations of industry patents to university research publications (Narin et al., 1997) . To our knowledge, ours is the first study that examines the extent to which industrial patents cite university patents.
III. Data Description
Our data are derived from six sources: (1) Patent Bibliographic data (Patents BIB) Corptech data which report a firm's founding year, and finally (6) the NBER Patent-Citations data collected by Hall, Jaffe and Trajtenberg (2001) which contain all citations made by patents granted in 1975-1999. To create our database from these sources, we first match inventor names in the Patents BIB and Dissertation Abstracts databases. We then match firms in the Compact D/SEC database to assignees in the Patent BIB database with founding information added. Finally, we combine the two databases from the first two steps and add information from the citation data.
Inventor name matching
Since the 1960's researchers have extensively used the information contained in patent data to investigate various issues such as technology spillovers and R&D productivity at the industry or firm level. The information on inventors contained in patent data, however, has not been fully utilized possibly because of the difficulty in identifying whether two names in the inventor name field from two patents belong to the same inventor. Using inventor's name (last, first, and middle), address, city, state, zip (often missing), and country at the time of grant of the patent, we attempt in this paper to match inventor names and produce each inventor's life-cycle productivity in patenting.
There are various potential problems in name matching in the patent data. First, full middle names are reported in some cases while only their initials are spelled out or they are missing in other cases. Second, there is a risk of two inventors with the same common names being mistakenly matched. Third, there can be a problem of name misspelling, especially for non English names. As an attempt to circumvent these potential problems, we rely on other information available from the patent data such as inventors' addresses, citation records, and postal zip codes. Our methodology for inventor name matching is similar to that in Trajtenberg (2004) , which is the only other attempt for inventor name matching to our knowledge.
To start, we treat each entry that appears in the inventor name field of every patent in the Patents BIB data as a unique inventor. Given, let's say, N number of names in this name pool, we pair each name with all other names, which generates N(N-1)/2 number of unique pairs. In fact our data have 5.1 million names in total (2.05 inventors per patent) and thus 13 trillion unique pairs. For each pair, we consider the two names as belonging to the same inventor if the SOUNDEX codes of their last names and their full first names are the same, and at least one of the following three conditions is met: (1) the full addresses for the pair of names are the same; (2) one name from the pair is an inventor of a patent that is cited by another patent whose inventors include the other name from the pair; or (3) the two names from the pair share the same co-inventor.
These three criteria in our name matching method are similar to the "Strong" criteria of Trajtenberg (2004) .
The SOUNDEX is a coded index for last names (surnames) based on the way a surname sounds rather than the way it is spelled. Surnames that sound the same, but are spelled differently, like SMITH and SMYTH, have the same SOUNDEX code. We use the SOUNDEX coding method to expand the list of similar last names to overcome the potential for misspellings and inconsistent foreign name translations to English; misspellings are common in the USPTO data as are names of non-Western European origin (see Appendix A for the detailed SOUNDEX coding method).
We also consider a pair of names as a match if two have the same full last and first names, and at least one of the following two conditions is met: (1) the two have the same zip code; or (2) they have the same full middle name. These two criteria correspond to the "Medium" criteria of Trajtenberg (2004) .
Given all pairs of names that are considered as matches by the preceding procedures, we impose an additional matching criterion that a pair of names is not treated as a match if their middle name initials are different. We then impose transitivity in the following sense: If name A is matched to name B and name B is matched to name C, name A is then matched to name C. We iterate this process until all possible transitivity matches are completed. At this point we assign the same inventor ID number for all the names matched. 5 Trajtenberg (2004) assigns scores for each matching criteria and considers a pair matched only if its total score from all matching criteria exceeds a threshold. We do not use this score method in our data construction because different scores given to each criterion and the threshold score can be quite arbitrary. Our methods also differ in that we do not match the pair of names with the same assignee because name matching based on this criterion can produce data with a bias in mobility among inventors. Instead we apply the criterion that a pair of names is not treated as a match if their middle name initials differ. From our experience with the patent data, imposing this criterion is necessary because the SOUNDEX coding system sometimes so loosely specifies names that apparently different last names are considered a match.
In the end, because of these differences the number of distinct inventors identified with our procedure is a little higher than the number of distinct inventors produced by Trajtenberg's method. We identified 2.3 million unique inventors (45%) out of 5.1 million names in the entire patent data while Trajtenberg (2004) found 1.6 million distinctive inventors (37%) out of 4.3 million names. Note that our patent database is larger because it includes additional years, 2000-2002. After name matching in the patent data, we match the Dissertation Abstract data to the inventors in the patent data. Each inventor identified through the preceding procedure may have a list of names matched to him or her (for example, John Maynard Keynes, John M. Keynes, John Keynes) due to names linked to each other by satisfying the criteria described above. Since the Dissertation Abstract data contain for each individual a full name in a string instead of separate last, first and middle name fields, we convert all the names under each inventor ID number in the patent data to strings to search for them within the Dissertation Abstract data. 6 On rare occasions when multiple names from the Dissertation Abstract data are matched to one ID number in the patent data, we randomly pick one name. Out of 2.3 million unique inventors in our patent data, 3 percent (64,507) are identified as holders of advanced degrees.
Firm-assignee matching
We choose all firms whose primary SIC code is 2834 (pharmaceutical preparation) or 3674 (semiconductor and related devices) in the Compact D/SEC data. 7 We select these two industries for our study because the firms in these industries are active in patenting and produce homogenous products relative to other industries. By focusing on two relatively homogenous industries, we avoid problems due to the incomparability in utility and marketability of innovations, and in patent propensities across industries. Note that we select only the years 1989 through 1997 for our study, because the Compact D/SEC data before 1989 are unavailable to us and we found that starting with application year 1998 the patent time series tailed off due to the review lag at the USPTO.
Because parent firms patent sometimes under their own names and at other times under the names of their subsidiaries, merging the Patents BIB data with firm-level data in the Compact D/SEC data is not straightforward. Mergers and acquisitions at both the parent firm and subsidiary levels, common in these two industries during the 1990s, and name changes further complicate linking the patent to firm-level data. (The USPTO does not maintain a unique identifier for each patenting assignee at the parent firm level nor does it track assignee name changes.) Thus, to use the firm-level information available in the Compact D/SEC data, the names of parent firms and their subsidiaries and the ownership of firms must be tracked over the entire period of the study, which is accomplished based on the subsidiary information in the Compact D/SEC data.
Since the Compact D/SEC data do not report old names of the firms that change their names (in many cases, after mergers), we use the S&P data to track the history of name changes of each assignee and link firm level information in the Compact D/SEC data before and after a name change. Finally, we merge information on firms' founding years to the firm database.
Combining databases from the preceding steps
As the final step, we link the patent inventor database from the first step to the firm database from the second step to produce a data set on inventors and patents that includes firm-level data (e.g., R&D expenditures, sales, and employment level) on the patents' assignees. Because patents are typically assigned to the firm (the assignee) that employs the inventors, we identify the inventors' employers in the Patents BIB data by patent assignees. We then add information on all citations from the NBER Patent-Citations data collected by Hall, Jaffe and Trajtenberg (2001) where each citing patent that was granted between 1975 and 1999 is matched to all patents cited by the patent.
IV. Results
Trends Figures 1A, B , and C show the annual percentage of industry-assigned patents that list at least one inventor who had previously been named an inventor on a universityassigned patent applied for sometime in the previous ten years (UNIV). 8 Because our data included patents granted in 1975 and later, we imposed a cut-off for the patents used to define whether an inventor was university-experienced at the time of the industry patent's application. We chose to consider only those university-assigned patents on which the inventor appeared in the ten years prior to the date of the industry patent's application because ten years still leaves us a long period over which to conduct our analysis and because skills or knowledge acquired in a university setting far in the past may not be very valuable. Figure 1A shows this measure for all patents granted to U.S. Figure 1A shows a steady increase in UNIV between 1985 and 1995, from 0.9 to 2.6 percent. UNIV then drops from 2.6 percent in 1995 to 1.9 percent in 1996 before 8 Our university assignees include domestic universities, hospitals, research laboratories (non-government), and non-profit organizations in the U.S. recovering somewhat in 1997. This precipitous rise and fall of UNIV is puzzling-we observe this phenomenon in the other figures discussed below-but may be related to a change in patent law in 1995. Until 1995, successful patent applicants received a 17 year monopoly on the use of their invention from the date the patent was granted. For applications filed after June 8, 1995, patented applicants received a 20 year monopoly commencing from the date of the patent application. This new law may have changed the duration of the monopoly for many patent holders, affording longer monopoly periods for patents that are approved quickly, and shorter periods for patents whose review procedure is delayed, as by an appeal or an interference proceeding. In addition, the new law provided that patents applied for prior to June 8, 1995 and issuing on or after June 8 would expire either 17 years from issuance, or 20 years from the date of original application, whichever generated the longer monopoly period (Radack, 1995; Elman, Wilf, and Fried, 1995) . These relatively generous terms may have for the short transitional period made some marginal innovations worth the opportunity cost of patenting. The figure in appendix C shows the patent applications by application year over the period 1985 through 1997. The applications time series show a distinctive blip in 1995 that may reflect a rush to file applications before the June 7 expiration date to take advantage of the opportunity to lock in an extended monopoly period. Moreover, because basic research has a longer shelf life, firms with inventions constituting basic research may have been especially keen to obtain the longer monopoly period. Thus it seems to us natural to see an increase in university influence in our figures during the transition period. 9
Figures 1B and C show the measure UNIV for firms in the pharmaceutical and semiconductor industries, respectively, for the period 1989 through 1997. First, note in this period in both industries an increase in the percentage of patents that name at least one inventor who has invented for university-assigned patents. Second, note that patents in the pharmaceutical industry were more likely than those in the semiconductor industry to include an inventor who had university patent experience: over this period, about 6.6 percent of patents in the pharmaceutical industry included at least one inventor with university patenting experience compared to about 1.9 percent in the semiconductor industry. Also note that the rate of increase was greater for the semiconductor industry.
Finally, note the blip centered on 1995 in the pharmaceutical time series, which is absent in the semiconductor time series. For the pharmaceutical industry the length of time of the monopoly may be more important as pharmaceutical patents typically still earn substantial revenues at the end of the monopoly period (Elman et al, 1995 ), suggesting the deadline may have provoked a greater behavioral response in the pharmaceutical industry.
One concern is that firms may have been interacting with university-experienced inventors in earlier years at the same rate as in later years but because universities infrequently patented before the 1980s we do not detect it. Figure 1D reports the fraction of inventors with university patenting experience in the last 10 years who appear on industry patents by application year; this measure does not suffer from the aforementioned problem. Figure 1D shows that between 1985 and 1997 the alternative more complicated patent applications tend also to be the patent applications involving universityexperienced inventors, than our time series might trail off at the end of the period, as depicted in Figure 1A . We tested this hypothesis by using the patent granting dates to truncate the data artificially; we tossed out all patents that had not been granted as of (the arbitrarily chosen year) 1994. This failed to produce a blip leading us to conclude this phenomenon is not caused by truncation. measure exhibits similar dynamics, more or less rising through 1995, then falling precipitously. Figures 2A, B and C show the percentage of industry patents that include at least one inventor with an advanced degree (ADVDEG). Figure 2A shows this figure for all patents granted to U.S. industry assignees. Figures 2B and C show the pharmaceutical and semiconductor industries, respectively. Figure 2A shows a steady increase in ADVDEG from 6.9 percent in 1985 to 13.9 percent 1995, where it dips slightly in 1996, and then begins to rise again, reaching 14.7 percent in 1997. ADVDEG averages 33 percent for the pharmaceutical industry and 19 percent for the semiconductor industry.
This indicates that both industries are especially reliant on highly-educated labor for research as the averages in both industries are higher than the overall average in the full data set during the same period. Figures 2B and C Similar to Figure 1D , Figure 2D reports the number of inventors named in industry patents with advanced degrees (in science and engineering awarded by U.S. and Canadian universities within the last 20 years) by application year as a percentage of the stock of inventors holding advanced degrees. 10 We produce Figure 2D because we are concerned that the upward trend in the percentage of patents that name inventors with advanced degrees is only a consequence of the fact that there are more inventors with 10 Ideally we would like the stock of degree holders who are still in the labor market. Due to data availability, however, we use the stock of degrees awarded in the last 20 years. advanced degrees. The measure in Figure 2D attempts to capture how active firms are in recruiting inventors with advanced degrees. This measure exhibits a similar pattern as the measure in Figure 1D , rising over the period of 1985 and 1997, with a hump, albeit small, in 1995. Figures 3A, B , and C show the annual percentage of industry-assigned patents that cite as prior art a university patent applied for within the previous ten years (UCITE). Firms may have been influenced by university research in earlier years, but because university research was patented at lower rates industry access was not as apparent. Thus we create a measure of the likelihood that a university patent is cited by industry. Figure 3D shows the percentage of 10-year old and younger university patents that are cited, by application year. Like UCITE, this new measure generally increases from 1985 through 1995, after which it falls precipitously.
Decomposition of university influence
An increase in the presence of university-experienced persons among the firm's inventors results either from an increase in their representation in the pool of available scientific personnel from which it (perhaps randomly) hires, or from an increase in the firm's propensity to hire such workers. In fact, the purpose of Figures 1D, 2D and 3D is to show a time trend in the contribution of the latter factor. While both of these factors mix elements of demand and supply, measuring their separate contributions is still informative of the channels through which the changes are operating. Thus in this section, we attempt to decompose the change in university influence into components representing various factors, including these two.
We decompose an increase over our entire sample period in industry patents with university-experienced inventors in the following way.
U t = (U t /I t ) (I t /M t ) (M t /P t ) P t ,
(
where U t denotes the number of industry patents in year t that have at least one inventor with university patent experience in the last 10 years, I t denotes the number of inventors of industry patents in year t with university patent experience, M t denotes the number of all inventors that appear in university patents in the last 10 years, and P t denotes the number of industry patents in year t.
Taking the logarithm of both sides of equation (1) Figure   1D ) while the third ratio (M t /P t ) as a measure of the prevalence of university-experienced inventors in the pool of inventive talent. 11
In a similar fashion, we can decompose an increase in industry patents with advanced-degree holding inventors. In this case, U t is the number of industry patents in year t that have at least one inventor with an advanced degree, I t is the number of inventors with advanced degrees on industry patents in year t, and M t is defined as the stock of inventors in year t holding advanced degrees (see footnote 10).
In decomposing an increase in industry patents that cite university patents, U t denotes the number of industry patents that cite university patents granted within the last 10 years, I t denotes the number of unique university patents cited, and M t denotes the stock of 10-year old and younger university patents citable. Figure 4 presents the decompositions of the increase in industry patents that name inventors with university patents in their past, that name inventors with advanced degrees, and that cite university patents. In examining these three decompositions, one sees that the increase in patenting during the sample period explains much of the increase in these variables, as one would expect. Because we are interested ultimately in 11 We were unable to perform the decomposition exercise separately for our two industries because the number of inventors that appear in university patents in the pharmaceutical or semiconductor field (that is M t ) is not available.
understanding better the dynamics of U/P, however, we focus the discussion on the other explanatory factors.
Consider first decomposition (a). An increase in M/P-the stock of inventors with university patenting experience relative to the flow of patents-explains most of the increase in the number of industry patents naming university experienced inventors that is not explained by P. Note also that decomposition (c) shows that the increase in industry patents that cite university patents is largely driven by the growth in the stock of university assigned patents that is available to cite. Thus, both the increase in UNIV and in UCITE appears to be driven by the growth in university patents. The increased likelihood of an inventor with university patenting experience appearing on a patent does, however, explain some of the growth in UNIV. Finally, the increased likelihood of an inventor with an advanced degree appearing on an industry patent is the largest factor in the growth of patents naming inventors with an advanced degree (decomposition b). The size of the available group of inventors with advanced degrees per industry patent actually fell over the sample period. In all cases of decomposition, the change in the patent productivity term (U/I) had a minimal explanatory power in the patent increase.
Determinants of university influence
We are interested in learning which firms access university research. For example, are there scale or scope economies in exploiting university research that favor large or diversified firms? Do young firms that are developing and using new technologies make greater use of university research than older firms? Tables 2, 3, and 4 present the results of our estimation of the determinants of accessing university research.
These regressions relate measures of the firm's access to university research in year t and firm characteristics. The dependent variables in Tables 2, 3 , and 4 are the logit transform of the fractional form of the variables defined in Figures 1, 2, and 3 , that is, of UNIV, ADVDEG, and UCITE, respectively. We should note, however, that these variables in our regressions are defined at the firm level, not at the economy or industry level. All models are estimated with random (firm) effects.
The means and standard deviations of the independent and dependent variables, along with their definitions, are described in Table 1. highly capitalized firm may rely on more advanced technology, which may be reflected in the nature of its innovation, or lead the firm to use skilled labor more intensively (see Griliches, 1969, Goldin and Katz, 1998 , for evidence on capital-skill complementarity).
We include NSIC as a regressor to estimate the impact of economies of scope on how a firm's reliance on university-originated research.
The results for the basic specification are included in the first column of each panel. They consistently show a positive effect of size of the R&D enterprise on the use of inventors with university patenting experience (Table 2) and on the use of inventors with advanced degrees (Table 3) , in both industries. The size of the R&D enterprise also increases the likelihood that a firm's patents cited university-assigned patents. On the other hand, the size at the firm level shows no effect on the use of university research:
EMPLOYEE has insignificant effects in all tables. The coefficient estimate on logR&D/INV is generally positive but insignificant in all regressions. The coefficient estimate on log NSIC is never significant by conventional criteria of significance.
The second column in each panel describes the results from estimations that include two additional regressors: median experience of all inventors in a firm (MEXP) and years elapsed since the founding year of a firm (FIRMAGE). These variables are excluded from our base specification because we lack these data for many firms in our sample. The coefficient estimate on log MEXP is positive and significant for both industries for the UNIV regressions. This may partly reflect that inventors who are more experienced are also more likely to have invented for a university assignee. We also observe a positive but insignificant relationship between median experience and ADVDEG or UCITE. The coefficient estimate on log FIRMAGE is negative in most cases and is negative and significant in the pharmaceutical regressions with UNIV as the dependent variable. That is, we find evidence that older firms in the pharmaceutical industry employ fewer inventors with university patenting experience. The marginal effects of the regressors in the second column are reported in Table 5 .
The key variables in our estimation may be time trended, in which case the estimated effect of our independent variables on our measures of university research influence could be spurious. To test the sensitivity of our result to a time trend effect, we introduce the time trend as an additional right-hand side variable. These results are reported in the third column of each panel. The addition of a time trend does not generally change the inference; where coefficient estimates are significant in the time trend's absence, they are significant in its presence.
Does the presence of university-experienced scientists in the firm increase the firm's ability to access university research? Or, do firms with more universityexperienced inventors produce more patents that cite university patents? Table 6 addresses the question on the mechanisms of spillovers. The first two columns for each industry panel show the estimates of the determinants of the firm's citing of at least one university patent (ANYUCITE is the binary dependent variable). The results reported are from a random-effects probit model. The next two columns report the estimates of the determinants of the number of the firm's patents that cite university patents (UCITE is the dependent variable). The results reported are from a random-effects regression model. The key regressors in this table are binary variables for whether a firm has at least one university-experienced inventor (ANYUSCI) or at least one inventor with an advanced degree (ANYPHD).
The results in Table 6 show that firms with more university-experienced inventors in both industries are more likely to have patents that cite university patents: ANYUSCI has a significantly positive effect in both models. Having inventors with advanced degrees is not shown to lead to more citations to university patents, as ANYPHD has an insignificant, albeit positive, effect.
V. Conclusion
Our results suggest that economy-wide and in the pharmaceutical and semiconductor industries individually, industry's use of inventors with past experience conducting university research, and of inventors with advanced degrees, has increased.
This may mean that R&D-doing firms have increased their access to university-produced knowledge through the knowledge imbedded in inventors' human capital. That industry is making greater use of university-produced knowledge is also reflected in the citation data.
Economy-wide and in the pharmaceutical and semiconductor industries individually we observe an increase in the citing of university patents. Using our inventor-based measures, we find a faster increase in access to university research in the semiconductor industry. Using the citation-based measure, we find roughly equivalent increases. The pharmaceutical industry shows greater access to university research (by any of our three measures) than the semiconductor industry.
The decomposition offers additional insight into the increase in industrial patents' naming of inventors with university patenting experience and with advanced degrees, and industrial patents' citing of university patents. First, the growth in university patenting may explain most of the increase in the fraction of industry patents that name inventors with university patenting experience and the fraction of industry patents that cite university patents-at least at the level of the economy. The increased likelihood of an inventor with university patenting experience appearing on a patent does, however, explain some of the growth of industry patents by inventors with university patenting experience. The increase in the fraction of industry patents that name inventors with advanced degrees appears to be almost entirely due to the likelihood of inventors with advanced degrees appearing on industry patents (i.e., it is not due to an increase in the stock of inventors with advanced degrees).
In our firm-level analyses, we find that firms with large research operations are more likely to access university research than firms with small ones. Pharmaceutical firms with higher R&D-inventor ratios are more likely to utilize inventors on their patents who had previous university research experience. Firms in both industries with more experienced inventors were more likely to utilize inventors with university research experience. Younger pharmaceutical firms were more likely to utilize inventors with university research experience. Finally, we find evidence that employing scientists with university research experience may better enable firms to access university-produced knowledge. Specifically, we find that inventors with university patenting experience increases the extent that the patents of a firm cite university patents as prior art.
Needless to say, we recognize a number of shortcomings in our analysis that we plan to address in future work. For example, our name matching procedure undoubtedly is subject to error, sometimes treating different inventors as a single inventor, and other times treating the same inventor as different inventors. These matching errors are likely more important in the analysis of levels of involvement with university research, as opposed to the analysis of trends. Nonetheless future work will attempt alternative matching rules for the sensitivity of our findings.
An interesting question which is not investigated in this paper is how the use of university research affects the productivity of R&D in firms. Another interesting question is how start-up firms utilize university research. In future work, we plan to explore theses issues.
middle names in the Patent BIB data are incorrectly coded. For instance, our transitivity procedure matched inventors named Laszlo Andra Szporny and Laszlo Eszter Szporny, but we found that these two are the same inventor without middle name and those middle names are in fact the first names of the next co-inventors in their patents. Second, an inventor with two middle names is coded in the Patent BIB data with one middle name in some cases and with the other middle name in other cases. The only case that can be apparently identified as a mismatch is that when two inventors with the same last and first name but different middle names appear in the same patent. However, it is not simple to separate them because it can be rather arbitrary. For example, we can either assign the records of Adam Smith to Adam J. Smith or Adam E. Smith. 
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